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ERS-1 SPACECRAFT AND PAYLOAD
SYSTEM OUTLINE

n order to be able to make all of the measurements

necessary to meet the mission objectives outlined on the
previous page, and to provide them globally, at all times of
day and regardless of cloud conditions, the principal
elements of the ERS-1 payload are active microwave in-
struments, or radars.

To achieve the global coverage required, ERS-1 will be plac-
ed into a polar orbit with a mean altitude of about 780 km.
From this altitude powerful radar pulses are needed to pro-
vide sufficient illumination of the Earth’s surface to produce
detectable echo signals. Large antennas are needed on the
spacecraft to pick up the returning signals.

Consequently, the satellite has to be very large, and weighs
about 2400 kg, of which 1000 kg is taken up by the
payload. The payload consumes about 1 kW of electrical
power when in full operation.

The antennas, once deployed, will be up to 10 m long; the
main payload support structure has a 2 m x 2 m base and
is some 3 m high. The payload is supported by a platform
module — derived from the French national Spot pro-
gramme — which supplies the payload’s electrical power
needs, about 1 kW when in full operation, attitude and orbit
control, and overall operational management.

This module is roughly equivalent in size to the payload itself
and is equipped with a deployable 12 m x 2.4 m solar array.

The largest of the sensors, the Active Microwave Instrument
(AMI) will be capable, in its imaging mode, of producing
highly detailed radar images of a 100 km strip on the Earth’s
surface. This mode is also known as the Synthetic Aperture
Radar or ‘SAR’ mode. Because this mode will consume a
large amount of energy and produce a vast amount of data,
which cannot be stored on board, it will only be used only
when passing over a ground station capable of receiving
the data. Power needs are such that the SAR mode is only
used for periods of approximately 10 minutes during each
orbit.

The same instrument has alternative global measurement
modes, namely the ‘Wind (or Scatterometer) Mode, in
which the wind speed and direction at the sea-surface can
be measured over a 500 km swath, and a ‘Wave Mode,
which will provide small radar images at 200 km or 300 km
(selectable) intervals. These can be used to generate
ocean-wave spectra, showing wave energy as a function of
wavelength and direction.

A second instrument, the Radar Altimeter, will provide
highly precise measurements of the satellite’s height above
the ocean, ice and land surfaces. To exploit these height
data successfully in the study, amongst other things, of
global ocean circulation and height profiles across the ice
caps, an exact determination of the satellite’s orbit is need-
ed. This is derived from the onboard tracking systems.
These are a laser retroreflector, a passive device used by
ground-based satellite laser-ranging systems, and the
PRARE instrument, which is a two-way microwave ranging
system that uses small, dedicated ground stations.

Another payload instrument is the Along-Track Scanning
Radiometer (ATSR), which has two elements. Detailed im-
ages of the sea surface will be made by an infrared scann-
ing radiometer, which will allow extremely precise
measurements of sea-surface temperature. The other ele-
ment is a passive microwave radiometer, which will be used
to determine the water-vapour content of the vertical column
of the Earth’s atmosphere passing beneath the satellite.

The large amounts of data from these instruments will be
transmitted to the ground via the Instrument Data-Handling
and Transmission (IDHT) Subsystem. This includes two
high-capacity onboard tape recorders to store the data be-
ing gathered whilst the satellite is outside the zones in which
the various ground stations can accept the data.

The platform

The spacecraft platform provides the major services re-
quired for satellite and payload operation. These include at-
titude and orbit control, power supply, monitoring and
control of payload status, telecommunication with ground
stations for telecommand reception and telemetry of
payload and platform housekeeping data. The platform also
houses the PRARE instrument as a passenger.

The platform has been modified with respect to the Spot
programme in which it was developed as a multimission
concept, to meet the unique needs of the ERS-1 mission.
The major modifications have included extension of the
solar-array power and battery energy-storage capability,
modification of the attitude control subsystem to provide
yaw steering and geodetic pointing, and the development
of new software for payload management and control.

An exploded view of the spacecraft and payload is given on
the next page, and the subsystems of the spacecraft are
described in more detail in chapter 3 , and the payload in-
struments in chapter 4. '
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receipt of a RA chirped transmit pulse, gives an echo which
is delayed appropriately for the pulse’s round trip time from
the satellite to the Earth and back. The chirped pulse is
modulated by variable frequency, and variable amplitude
tones in the RSS to simulate ocean and ice reflection
characteristics. Since the radar altimeter is designed to
measure round trip times of about 5 microseconds, with
some hundreds of picosecond precision, the return
simulator contained a highly temperature-stabilised delay
line.

Conclusion

Space radar technology was developed for the first time in
Europe. It took more than 10 years for the more complicated
equipment to be fully space qualified. The technology is
state-of-the-art and can form a solid basis for future
developments. It is the intention, for example, that the
development of the radar transmitter for the Canadian
Radarsat spacecraft should be based on the radar transmit-
ter on the ERS-1 high power amplifier. The near field planar
scanning method will also be used for its antenna
measurements. Radar altimeter technology for a second
generation RA to be flown on the European Polar Platform
in 1997 is largely based on the technologies and equipment
developed and qualified for ERS-1.
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The lower part of the assembly consists of five tripods, three
of which provide support points for the SAR antenna and
two intermediate support points for the upper assembly.
These tripods are also connected to each adjacent node.

The CFRP sandwich plate at the top, which carries the Scat-
terometer antennas, is supported by three further tripods at-
tached to the intermediate points and the SAR central point.
The Altimeter’s antenna is attached at three node points by
a triangulated strut system.

This intricate, highly stable assembly was challenging in
terms of design, manufacture and integration. This is amply
ilustrated by the central titanium node, which interfaces to
ten high-tolerance struts without inducing built-in stresses.

The Platform Structure

The platform module is derived from that developed for the
French national Spot programme. The overall structure con-
sists of a service module, a propulsion module, a solar array
sub-assembly and the payload platform previously describ-
ed. The structure is a rigid framework, with the loadings of
the payload being transmitted directly through the central
tubé by means of metal struts. Materials such as carbon
fibre and titanium were chosen for their low expansion coef-
ficient.

The Service Module

The service module, built around a central tube, holds all
the ‘housekeeping’ subsystems, supports the propuision
module, and the payload. It also makes the interface with
the upper stage of the launcher through the lower part of the
tube. It also houses the battery module containing four
24 AH batteries; an arrangement which allows the module
to radiate to space while grouping all the cells in the same
place, thereby reducing internal thermal gradients.

The central tube structure makes the connection between
the launcher and the payload. Around it are three ‘wings’
carrying subsystem components, while other subsystems
are housed on an upper and lower platform, and on semi-
partition structures.

The service module also has interfaces with the solar
generator, and the battery compartment, as well as the laun-
cher and propulsion module.

The cage-like structure is made of honeycomb ‘sandwich
plate’ aluminium alloys, and the central tube is welded with
aluminium alloys. The central tube is rigidly constructed and
reinforced by four longerons. The general thickness of the
tube material is 4 mm, reduced in certain areas by chemical
means to 2.6 mm. The type of‘mecano-welding’ used en-
sures a very rigid structure, and suppresses to a minimum
the extensibility of the interfaces.

16

The Propulsion Module

The propulsion module carries the propulsmn units of the
Attitude and Orbital Control Sub-System (AOGS). There are
four hydrazine tanks and a set of thrusters. The hydrazine
tanks are fitted to the platform, and the module has a trellis
structure to support the various AOCS, and other interface
connections and cabling. The trellis is r|g|d being con-
structed of aluminium, carbon fibre and titanium.

The propulsion module supports the payload at nine points
by means of an interface frame.

The Solar Array Sub-Assembly

The solar array sub-assembly is of the fold-out type, supply-
ing power greater than 2000 W from its siliconjsolar cells. In
the folded, undeployed, position it is stowed in:a rectangular
box on the +Z face of the platform (sky-pointing). When
deployed it is rotated at the orbital velocity around the +X
(pitch) axis.
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t is unusual that calibration and validation should merit a

separate chapter, but such is the urique method adopted
for ERS—1 that it deserves full coverage. This chapter is an
update of the article published in ESA Bulletin No. 65.

The basic measurements to be made by ERS-1's in-

struments are sensor measurements of the following

engineering quantities:

— radar backscattering from the Earth’s surface (AMI,
RA)

— time delay between transmission and echo reception
(RA)

— infrared emission from the Earth’s surface and the at-
mosphere (ATSR)

— microwave emission from the Earth’'s surface and the
atmosphere (ATSR/M)

— satellite range and range-rate (PRARE).

It is from these engineering quantities that the geophysical
data products will be derived, such as surface wind fields
over the ocean, significant wave height, and directional
ocean-wave spectra. As a consequence, the calibration and
validation of the ERS-1 payload will take place in two distinct
stages. ’

First the engineering calibration will be carried out, which is
defined as the process of converting spacecraft payload
telemetry into engineering units within known limits of ac-
curacy and precision; eg. radar backscattering coefficient
(m2/m?), antenna brightness temperature (K) and time delay
(s). Engineering calibration is achieved via inherent instrument
stability, the use of internal references to compensate for
system variations caused mainly by temperature variations and
ageing, and the use of external references such as specially
designed radar transponders or carefully selected ‘targets of
opportunity’.

The second step will be geophysical calibration, the process of
converting engineering quantities (e.g. radar backscattering)
into geophysical units (winds and waves), within known limits of
accuracy and precision. This conversion takes place in the
ERS-1 ground processors and uses models to relate the
engineering guantities to the geophysical quantities of interest.

ESA sponsored a number of C-band campaigns between 1983
and 1986 in which twenty institutes from six ESA Member
States, Canada and the United States participated. The main
goal was to provide data for the construction of an empirical
vertically polarised C-band radar model. This model was to
cover the whole range of operating conditions specified for the
ERS Scatterometer. Flights involving typically ten circles were
made, measuring the radar echoes over a range of incidence
angles between 15 and 65° Emphasis was placed on radar-
system calibration and on comprehensive measurements and
logging of ambient sea and air conditions. Measurements were

carried out in the German Bight, off the coast of Brittany, and
in the Mediterranean, in the Straits of Gibraltar and Sicily.

The data gathered during these C-band campaigns consist of
scatterometer and surface measurements defining surface
wind speed and direction, as well as ocean-wave conditions.

The ESA-sponsored airborne scatterometer campaigns pro-
duced data sets showing good self- and mutual-consistency, a
direct consequence of the simultaneous use of more than one
radar, and the emphasis on calibration and surface support
measurements. On the basis of these data, a vertical-
polarisation radar-echo model was constructed which has
been used in the design and performance assessment of the
ERS-1 Scatterometer.

Nevertheless, these models cannot be determined with suffi-
cient accuracy before launch, and in-situ measurements of
wind and waves concurrent with ERS-1 overpasses will be
necessary to calibrate or ‘tune’ them.

ESA scatterometer transponder during testing at ESTEC in
Noordwijk (NL)

Engineering calibration of the Active Microwave
Instrumentation

The basic engineering measurement made by the AMI is that
of radar backscattering coefficient (o, m?/m?). In Image and
Wave Mode, the AMI works as a Synthetic-Aperture Radar
(SAR) and produces 30 m-resolution images. In Wind Mode, it
functions as a real-aperture radar and produces three 50 km-
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resolution images virtually simultaneously for three different
look directions.

To achieve engineering calibration, the AMI ground pro-
cessors use pre-launch information about the instrument,
such as its electronic gain and antenna patterns, ERS-1 or-
bit information, and in-flight measurements of, for example,
instrument noise. Corrections are made for variations in
electronic gain by adjusting the processor gain according
to the in-flight response from the internal calibration unit.
Antenna gain corrections are derived from transponder
over-flights, which will be repeated frequently during the
ERS-1 commissioning phase.

Three ESA transponders located in Flevoland (The
Netherlands) will be used for calibration of the AMI Image
and Wave Modes and three transponders in the south of
Spain for the AMI Wind Mode.
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Flevoland SAR calibration site as seen by SEAsa
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Flevoland is located at about 52° N and is therefore re-
visited several times during the 35-day repeat orbit, thus
providing good temporal resolution for calibration and per-
formance monitoring. This area, which will also be covered
by ERS-1 during the commissioning phase, consists of
some 97 000 hectares of land reclaimed from the former
‘Zuiderzee'. Because of its characteristic geometry, with
relatively large-scale agriculture, the lack of relief, and the
availability of many well-surveyed control points, the area
has often been used for radar remote-sensing experiments
and calibrations in the past.

In Spain, one of the transponders is located near a rocket-
launching site operated by INTA, in Arenosillo. The second
transponder is placed on the roof of the computer centre of
the University of Malaga, and the third is mounted on the
roof of a school in Adra.

The residual errors after radiometric calibration have been
analysed in detail. The current prediction is that ERS-1's
overall absolute radiometric accuracy for the Image Mode
will be 0.7 dB (or +9%), for the Wave Mode 0.5 dB, (or
+6%) and for the Wind Mode 0.5 dB (or +6%).

Engineering calibration of the Radar Altimeter
Pre-launch testing, characterisation and ‘calibration’ of the
Radar Altimeter has been performed with the aid of a
Return-Signal Simulator This echo generator was attached
to the Altimeter in place of the antenna, making it possible
to test the instrument’s performance with fully realistic echo
signals. The echoes can represent ocean or any other sur-
face, and can include realistic ‘speckle effects’ or simpler
‘ideal echoes’ This test system was operated at the full
pulse-repetition rate of the radar and was also able to
simulate the acquisition sequence.

The height measurements from the Radar Altimeter will
have a long-term stability of the order of 5 cm. An absolute
system calibration to this level is not possible prior to launch,
for a number of reasons including difficulties in calibrating
the test equipment to the required accuracy. It is thus
necessary to establish a calibration of the system bias in-
orbit. Historically, this task has been performed twice
before, for the Geos-3 and Seasat satellites, and bias values
of the order of 0.5 m were found.

Of the many potential calibration techniques available, the
best-known is the classical ‘Bermuda method’, in which the
satellite overflies a laser-ranging system located on a small
island. This was done for Seasat in 1978, but it is not without
its difficulties, particularly when a calibration at the 5cm
level or better is required. It had been proposed that some
of the potential problems could be overcome by moving the
reference laser from an island to an offshore platform, but
finding a platform large enough to support a laser system
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tracking systems, laser and PRARE, installed adjacent to
each other on the Wettzell tracking-station site, in Bavaria
(D). This station has extensive experience of co-location
campaigns for stationary and mobile laser systems.

It is planned to conduct an intensive calibration campaign
during the ERS-1 commissioning phase in order to derive
the most reliable calibration parameters and to use the co-
location setup during the subsequent exploitation phase to
monitor the system’s behaviour.

The calibration experiment will be executed jointly by the
PRARE experimenter team from the Deutsches Geo-
datisches Forschungsinstitut and Institut far Navigation,
Universitat Stuttgart, and the Institut fir Angewandte
Geodasie in Frankfurt, which operates the Wettzell station.

Before the start of the ERS-1 mission a new, upgraded laser
system will be available capable of:

— satellite tracking with an accuracy of +1cm

— lunar tracking with an accuracy of +3 cm.

A water-vapour radiometer will also be available before the
start of the ERS-1 mission.

Satellite laser-ranging systems nowadays comply with high
accuracy standards. By using simple passive retro-reflector
ground targets, they can be reliably calibrated in a
straightforward manner and their measurements, in contrast
to microwave ranging, do not depend on the ionospheric
conditions, and are much less influenced by the difficult-to-
model water-vapour content of the troposphere. Conse-
quently, they make an extremely good reference system for
the calibration of the PRARE. However, they are susceptible
to loss of data due to cloud or haze effects, and a laser-
ranging installation is relatively large and involves a signifi-
cant infrastructure, in contrast to the PRARE.

Geophysical calibration of ERS-1

The geophysical data products produced routinely by the
ERS-1 instruments will include the speed and direction of
the surface winds over the ocean and the directional spec-
trum of the ocean waves derived from radar backscattering
measurements from the AMI, and the significant wave
height and the surface wind speed derived from the radar
echo signals measured by the Radar Altimeter.

The models used to convert radar signals into the above
wind and wave parameters will be checked and, where
necessary, modified by comparing the satellite-derived
estimates with the analysis fields derived from

meteorological and oceanographic models on both a
regional and a global scale. This activity is being carried out
in cooperation with the European Centre for Medium-
Range Weather Forecasting (ECMWF) and the major
36

Meteorological Offices in Europe. A large database will be
built up from routine in-situ observations by ships and buoys
and co-located satellite observations. This data set will be
available for making a quality assessment of the ERS-1 wind
and wave products and for detailed analysis of the ERS-1 in-
terpretation models on a global scale.

In addition, a dedicated field campaign will be conducted
at an ocean site off the Norwegian Coast, near Trondheim.

An array of meteorological buoys will be deployed there for
measuring wind speed, wind direction and significant wave
height during the ERS-1 overpasses. Low-flying aircraft will
also be used to make complementary wind-vector
measurements. These aircraft will also carry airborne radars
to verify both the wind-retrieval and the ocean-wave imaging
models used for ERS-1 data.

Research vessels will be used for in-situ wind and wave
measurements, and the shipborne radars will image the
ocean surface during ERS-1 overpasses to determine the
ocean wave field. Similar surface measurements and air-
borne observations are planned in collaboration with non-
European organisations in Canada, the USA and Australia.

Simulations indicate that, after a three-month geophysical
calibration period, sufficient data will be available to deter-
mine and verify the geophysical performance of the opera-
tional ERS-1 wind and wave retrieval models.




